The present paper reports on the abilities of young students to pose a problem and explores how these abilities relate to the solutions suggested as well as whether the age of the student influences these abilities. Specifically, twenty-seven 6-year-olds and thirty 9-year-olds from two state schools located in Volos, a small provincial town in Greece, were used as a sample. The inductive analysis of the data, collected in the form of drawings and interviews indicated that the majority of the students were able to pose the problem; albeit in an incomplete way. According to them, the problem of waste is created when people discard whatever is not useful to them. Few of them connected the waste issue to consumption or were aware of the possibility of reusing or recycling. Even fewer students suggested solutions other than just throwing waste into a bin. The results showed that those students, who knew about reusing and recycling at the posing phase, suggested them as ways of reducing waste. It may be assumed that focusing more on improving the way students pose the problem could affect their suggestions for addressing it. It was also noted that thirdgraders seemed better able to pose the problem than younger students.
INTRODUCTION
It is widely acknowledged that contemporary societies need to deal with serious environmental problems. A problem is defined as a matter or situation that needs to be dealt with. It requires a solution, which may or may not be immediately evident. Specifically, environmental problems are: natural resource-based conflicts (which) arise not only from divergent ideas regarding appropriate uses of the environment and resources but also from different conceptualizations of the environment and the human -environment relationship. These conflicts frame understandings of both causation and potential solutions. The problem with problem definition emerges when no consensus exists regarding what constitutes management's problem definition (Ebbin 2011, 148) .
Thus, every civilised society must ensure a safe and healthy way of living, characterised by social justice, equality, a healthy environment and manageable resources not only for its populace but for future generations as well. In other words, every society has an obligation to sustain and improve living conditions and to strive to address environmental problems. It must endeavour to enhance citizenship education from early childhood; meaning to enhance the sense of responsibility students should foster in order to become active citizens. This education will equip young people with the ability to make their own decisions and take responsibility for their own lives and
RESEARCH REVIEW
Problem-posing strategies have been examined by some researchers (Brown and Walter, 2005; Stoyanova and Ellerton, 1996) in Arikan and Unal 2015) . Several prior research studies provided evidence that students' ability to pose a problem influences positively their ability to solve problems (e.g., Arikan and Unal, 2015; Cai and Hwang, 2002; Cai, 1998; Crespo, 2003; Ellerton, 1986; English, 1997; Pittalis et al., 2004; Silver and Cai, 1996; Verschaffel et al., 2009) . Also, Barbier, Freiman, Pruneau, and Langis (2010) and Pruneau, Freiman, Barbier, and Langis (2009) used questionnaires and interviews to conduct an action research. Specifically, they observed the ability of Grade 3 students, before and after the use of representational tools, to pose the problem of sedimentation in a local river and provide solutions. Though ill-defined, results indicated that environmental problems could be dealt with by young students, who were able to make coherent representations as well as provide better solutions. To be more precise, students altered their less scientific notions and succeeded in improving their ability to pose the problem thanks to ideas provided by their friends. Representation and problem-solving strategies are suggested as a way to improve children's capacity to better pose a problem. Barbier and his colleagues (2007) looked at the way sixth graders posed the environmental problem of pollution caused by traffic after a four month period involving interventions both in the classroom and in field work. The results highlighted the fact that students, unlike the experts, disregarded problem details such as causes, in favour of focusing on the problem itself and the impact it has. The students proved to be able to create only limited cause and effect connection networks as each of them individually was scarcely able to consider every aspect of such a complex issue. The students found difficulty in constructing a sentence describing the problem and providing an expedient outcome. This could be put down to the complexity of environmental problems being difficult to convey in just one sentence. The same result emerged from Pruneau and her colleagues' study (2001) , which showed that the sentences formulated by students in order to describe the problem were incomplete.
Furthermore, the study gave insight into the personal motivation of students to participate in problem-solving actions. It revealed that their motivation was determined by their feelings as to whether or not their input would make a difference. Some solutions presented by the sixth graders were found to be adequate, others unrealistic, unoriginal and somewhat expected, ie.: 'not to do this', 'to prevent a cause'. One notable result is that students did not connect the traffic problems to human actions nor did they allude to their own involvement or responsibility. Indeed, they commented on the fact that 'other people should stop doing this or that'.
Research into problem-solving has yet to reveal a great deal about the processes involved in the recognition, definition and representation of problems. In fact, it is the latter stages of problem-solving that have been the main focus of interest in research being carried out. However, it is the earlier stages that are of great importance if accurate and effective problem solving is to ensue; especially in the case of ill-defined problems (Pretz et al., 2003) .
THEORETICAL PERSPECTIVE
Problem posing is chosen to be the theoretical framework of the present study. Problem posing has been identified by some distinguished leaders in mathematics and mathematics education, as an important aspect of mathematics education (e.g., Polya, 1957) . Problem-posing constitutes one of the eight steps to problem-solving. Psychologists have described the problem-solving process as a cyclical process (Bransford and Stein, 1993; Hayes, 1989; Sternberg, 1986) usually consisting of eight principal operations: recognizing or identifying a problem; posing a problem (defining and representing it mentally); developing a solution strategy; assessing and choosing solutions (having organised their knowledge about the problem); planning the action; acting; evaluating the action, and then experiencing the process (Pretz et al., 2003) .
In the planning phase of problem-solving, it is the processes of recognition, definition and representation that are used. Problem definition refers to stating the scope and aims of the problem clearly. Problem representation relates to the way in which the information concerning the problem is organised mentally. Mental representations comprise four areas: an account of the problem, an outline of aim, a set of approved operators, and a number of constraints. Remembering information in the form of a mental representation allows the problem-solver to memorise chunks of information, which allows for easier organization of the conditions and rules pertaining to a problem and which then enables them to determine which strategies would be useful in a given situation. It also facilitates in assessing progress towards accomplishing aims (Ellis and Siegler, 1994; Kotovsky, Hayes and Simon, 1985) . A problem can be represented in various ways; verbally or visually (Pretz et al. 2003) .
'Problem-posing education' is a term coined by the Brazilian educator Paulo Freire (1970) as an alternative to 'banking education' and is supported by educators such as McLaren and Giroux. It is this philosophy of problemposing education that is the bedrock of modern critical pedagogy. Problem-posing education recognizes that knowledge is not passed on by the teacher to the student but is built up through discourse between the two.
When students approach a new situation, they are asked to pose the problem. Posing a problem involves formulating it in order to better solve it (English, 1997) . Knowledge that is the result of experience will influence students' ability to define and represent a problem. Indeed, if that problem is not in line with their suppositions, they may not become aware of its existence. In order for students to detect a problem, they must be acquainted with all relevant information in a given situation. Students will then be able to interpret the problem in their own words as they will have rearranged the information they have in order to better understand it and in doing so will be able to provide obstacles as well as goals to achieve (Stoyanova, 2000) . Problem-posing necessitates the research and understanding of relevant information so as to be able to build a mental or visual picture of the given problem (Proulx, 1999 in Pruneau et al., 2009 ). Problem-posing entails the generation of a new problem or reformulation of a problem from given situations or problems (English, 1997; Grundmeier, 2003; Silver, 1997; Stickles, 2006) . For a student to be able to pose a problem he must have the ability to: use his existing knowledge, draw parallels, reflect, communicate concepts, monitor, investigate, assess, visualise (Hauslein and Smith, 1994) , choose words to describe the situation as it is and outline the desired situation (Jones, 1995) , as well as to formulate the problem in one sentence (English, 1997; Michalko, 1991) .
Being inherently motivated and open-minded are valuable in the process of problem formulation. Indeed, a crucial element in determining whether or not a student discovers or develops a novel solution to a problem is that individual's reason to find it and work towards generating both a definition and representation of the issue. These traits reflect a constant metacognitive attentiveness to the environment and the process of problem-solving. Lastly, the social context may also encourage students to become aware of existing problems and think divergently regarding solutions. Should the environment fail to motivate students to search for and investigate problems, they will remain unaware of the gaps in their understanding; they will not learn to consider ideas, nor will they be able to evaluate points of view. The stage of problem formulation hinges more on disposition and social context in contrast to the later stages of problem-solving. Regrettably, little experiential research has focused on these topics. (Pretz et al., 2003) .
Students can be helped to become better at problem posing in four significant ways: encouraging them to scrutinize all problems by asking questions (Where? When? How? Who? How much? Why?); aiding them in research and the collection of data pertaining to the problem; providing them with the opportunity to create a visual representation of the problem; and having them consider each other's ways of posing the problem (www.pjse.ca).
The process of posing a problem can be repeated throughout the solving process. The way a student represents a problem may change (Polya, 1957) . Initially, students' representations are frequently incomplete so knowing how to collect data, analyse problems and try out solutions aid the students in improving their representations. Being able to return to one's initial representation may also enable the student to effect a more successful solution to a problem if the solution they had come up with fails to meet expectations. Green (1993) states the need for problems to be examined: visually (Heuristics can be used with the help of pictures, diagrams, illustrations), verbally (with words, sounds, sentences), digitally (with numbers to specify the extent or importance of the problem), sequentially (with representation of development stages), conceptually (with the help of symbols, theories, and analogies), and emotionally (expressing feelings regarding the situation).
Another important intellectual action related to problem posing is the formulation of the problem in one sentence (English, 1997; Polya, 1988) . This ability aids in the search for a solution by making connections between the different elements of a problem namely: causes, impacts, obstacles, etc. and also links existing background knowledge with newly acquired information (Gregg, 1997) . In other words, the students must also be able to use various efficient heuristics (Hayes, 1989) . Heuristics include varied external representations in visual, textual, or symbolic forms and allow for the visualizing of important points relating to the problem (the initial stage); links between ideas; actions to be executed as well as possible limitations in these actions; goals to be reached, and the personal implications of the problem (Elias, Branden-Muller and Sayette, 1991) .
THE METHODS OF THE STUDY
The purpose of the present paper is to explore the abilities of 6-and 9-year-olds to pose a problem and how this relates to their suggested solutions. After careful scrutiny of the curricula regarding Environmental Study in Greek kindergarten and primary schools (first to third grade) and examination of both students' and teachers' books, it is obvious that when referring to the problem of waste, the main focus is on the problem-solving process (Iliopoulou, 2016 (Iliopoulou, , 2018 and not on the problem posing process.
The specific issue of waste was selected because it constitutes a serious environmental problem which students experience in their daily life and which is included in the curricula of Greek kindergarten and primary schools (DEPPS, 2003a (DEPPS, , 2003b .
It is obvious that no systematic teaching of the waste issue takes place from kindergarten to third grade. The emphasis is either only on recycling (Kindergarten) or only on some dimensions of the issue, such as the effects and solutions, without reference to the causes, understanding the waste concept or the personal contribution of students in creating and reducing the waste ( Table 1) .
The research reported in this paper was guided by three questions: 1. "How do students pose the environmental issue of waste?" 2. "How do their methods of problem posing relate to their suggestions?" and 3. "How do the two age groups' abilities of problem posing differ?" Although the overall research explored the students' conceptions about all key dimensions (definition, causes, effects, collective, and personal solutions) of the waste, this paper responds to the three main questions cited above (Iliopoulou, 2011) . The research reported herein provides results of one part of the study aimed at exploring: (a) the abilities of young children (6-and 9-year-old) to pose the waste problem; (b) whether these abilities relate to the solutions they suggest for addressing the problem; and (c) whether these abilities are different due to the age of the children. A review of relevant literature reveals that students possess the capability to pose environmental problems correctly and to come up with potential solutions. Nevertheless, this process must be encouraged in a progressive manner and necessitates much effort on their part.
The Context of the Study
Those participating in this study are mainly from an urban environment and attend schools located in a small city. They were selected on the basis of them attending public sector schools in a mixed catchment area and with a diverse socio-economic student body. Convenience sampling was used in the selection of participants. The students were easy to recruit, and the researcher did not consider selecting participants who were representative of the entire population. The Directorate of Primary Education, the head teachers in the kindergartens as well as classroom teachers gave their permission for researchers to access the kindergartens and classes. Parents were notified about the nature of the study and consent was secured. Children were deemed competent research participants (Clark, 2007) , able to agree to or refuse to participate in the research (Farell, 2005) . Anonymity was ensured and pseudonyms have been used in this paper.
Specifically, twenty-seven 6-year-olds (14 boys and 13 girls) and thirty 9-year-olds (15 boys and 15 girls) participated in this research. The age of the pupils (6-and 9-year-olds) was thought to be important as (a) the sixyear-olds have yet to enter mainstream education whereas the nine-year-olds represent pupils who have experienced three years of teaching of Environmental Studies; (b) these ages represent two different cognitive stages (Piaget, 1969) , and finally; (c) EfS forms part of the curriculum in kindergarten and primary classes. Moreover, building up a problem posing perspective takes less time when it starts with young students, who are by their very nature curious and have receptive minds, rather than with a mind that has already been programmed to see the world in terms of unidirectional cause and effect.
Methods of Data Collection
The students, as a whole group, were asked to draw a picture depicting the waste issue, as a way of representing it (Figure 1) . Once they had finished their drawings, students were interviewed individually. Drawing was chosen as a method of collecting data as it is considered to be a good way for children to express their thoughts and feelings concerning the world around them (Arnheim, 1969; Van Manen, 1990) . The interview was also chosen as a method of gathering information as it could easily be levelled up or down depending on the age of the interviewee (Cohen and Manion, 1994) . what would they say to a classmate who threw litter on the ground (Plakitsi, etc., 2006a, p.20) Discuss what human activities eg. people leaving their rubbish on the beach, can cause to their environment (Plakitsi, etc., 2006b, p.27) . How the family takes care of the environment in response to the image of a child discarding litter on the beach (Plakitsi, etc., 2006a, p.31 ).
B grade
To familiarize children with ways to reduce waste, such as recycling and to raise awareness concerning environmental cleanliness issues.
To explore the journey of waste from the bucket to the dump. To look for ways to reduce waste, such as changing their consumer habits.
To recycle and reuse (Dimopoulos, etc., 2006b, p.89 ).
Look at a picture depicting an old toy and ask students what they do with their old toys (Dimopoulos, etc., 2006a, p.106).
The teacher may motivate children to participate in an activity related to waste and to separate the waste at home and at school.
C grade
To investigate and present their proposals for dealing with rubbish generated in the classroom (Kokkotas, etc., 2006, p.37 ).
Children are asked: What can be done to minimise rubbish? Have you heard of the word "recycling"? What materials constitute the rubbish in our bins?
All the interviews were transcribed verbatim and, the transcripts of the interviews constitute the data here. Initially, the students were called upon to describe how they represented the waste issue. Later, they were asked to define the term 'waste' using a photograph depicting overflowing garbage bins. Finally, every student was presented with images of various objects and asked to choose what they considered to be waste and to justify their choice. Amongst other questions, they were asked to respond to the following questions in an attempt to explore their abilities to pose the problem:
• What do you see in the picture?
• What is waste? Which of these do you think is waste? Why;
• Who produces waste? Why do people produce / make waste?
• Who or what is damaged by the waste and how? Figure 1 . A 9-year-old's drawing (Garbage in and out of the bin)
ANALYSIS
Maintaining reliability in coding necessitated the re-checking of criteria for data analyses. Therefore, a second researcher checked transcripts. Double coding was implemented to promote reliability between raters (Miles and Huberman, 1984) . The inter-rater reliability coefficient was 0.80. Along with common patterns that were noted, further consideration was given in order to determine significant differences.
Responses from children were analysed using content analysis with an inductive approach (Cohen and Manion, 1994) .
RESULTS
The results emerging from the inductive analysis of the students' drawings and responses to the interview questions: "What do you see in the picture? What is waste? How is it created?" reveal the way the students define the waste problem. Table 2 shows that the older students give more answers in comparison to the younger ones (166 to 141 responses respectively) and more than half of the sample, connect humans to the act of producing waste. The students defined the environmental problem of waste by identifying its causes and its impacts. As Table  2 indicates, in their view, the waste problem originates from the fact that once people have used things (8 and 13 responses), they are useless to them (91 and 101 responses), so they throw them away (9 and 23 responses). In other words, only 8 and 13 students of the two age groups respectively connect waste with consumption. Some of them believe that waste is created only once rubbish is thrown outside of the bin (11 and 6 responses) or put in the bin (2 and 2 responses). Some of the students (13 and 7 responses) connect the idea of waste to the oldness of items. Some of their ideas (7 and 8 responses) reflect their incorrect conceptions of the waste issue. Only some of the third-graders (6 responses) connect the idea of waste to the things that they can not be recycled. The criteria set by both kindergarteners and third graders to define waste -its usefulness, appropriateness and oldness -concur with scientific criteria and results obtained from other studies (Dimitriou and Christidou, 2004, 2005) . Unlike the studies of Dimitriou and Christidou (2004; 2005) , which showed that children are unaware of the concepts of recycling and reuse when designating waste, the present study shows that children are aware of recycling and reuse, since they draw the sign of recycling on the bins (26.66% of kindergarteners' drawings and 43.3% of third graders' drawings) and, many participants said that something is not garbage, when it can be reused (13.7% of kindergarteners and 19.32% of third graders).
Typical 
Effects
As Table 3 shows half of the kindergarteners (18 responses) and one-third of the older students (26 responses) stress the negative impact of waste on people. Fewer students refer to the negative effects on the environment in general (7 and 12 responses) or on animals specifically (6 and 16 responses). Fewer participants refer to damage caused by waste to the air (2 and 6 responses) or to crops (1 and 9 responses). 
Solutions
Further study showed that the main solution suggested by half of the two age groups of the participants (17 and 13 responses respectively) is to "put waste into a bin". As shown in Table 4 , the older students suggest, to a greater degree when compared with the younger students, the recycling/reusing (9 and 1 responses respectively) and consumption reduction (6 and 3 responses) methods of dealing with waste (Iliopoulou, 2016) . 
DISCUSSION
The inductive analysis of students' drawings and their responses to the questions about their definition of the problem of waste showed that the majority of the participants are able to pose the problem, albeit in an incomplete way. Generally, according to their definition, the waste problem is created when people discard whatever is not useful to them. Few of them connect the waste issue to consumption or are aware of the reusing or recycling method of dealing with waste. Εven fewer students, especially in the younger age group, suggest solutions other than just throwing garbage into a bin. The results show that those students, who know about reusing and recycling at the posing phase, suggest them as ways of reducing waste. It could probably be assumed that focusing more on improving the way students pose the problem -how they define and how they represent it -could affect their suggestions for addressing it. Of course, the third-graders pose the problem in a better way as they link waste production to consumption twice as often as the younger students did.
Some other interesting findings regarding the three research questions are as follows:
How the Students Pose the Waste Problem
Most students attribute waste with various characteristics, such as age, unsuitability and uselessness; results which concur with other research findings (Dimitriou and Christidou, 2004, 2005; Glazar, Vrtacnik and Bacnik, 1998) . Moreover, some students connect waste to recyclable materials such as glass, plastic and paper and justify that people produce waste in order to recycle them, misunderstandings probably created when they were taught about recycling, as emerged from Palmer and her colleagues' study (2003) . Furthermore, some students refer to food remains as waste, which indicates their ignorance of composting. Most students can not distinguish between "producing waste", and "discarding waste". This may reveal that they do not link waste production with its actual cause, which is consumption. This kind of confusion is frequent in everyday communication and is perhaps a result of the limited vocabulary the young students have (Chatzinikita and Christidou, 2001) . Another reason could be the fact that the issue of waste in the student's books of the first three grades is introduced by providing pictures showing people throwing their garbage outside a bin. Although it is suggested that teachers cover the issue of waste in a more detailed way, it depends on the time available and the mood of each teacher as to whether they will expand on the topic or not. Moreover, a few students considered as "garbage" whatever was on the ground or outside the bin. Obviously, this result can be attributed to the students' daily experience with the problem of waste being identified as overflowing bins and scattered garbage on the streets.
Students understand the direct and indirect effects of waste on human health (getting sick, suffering allergies, etc.) and to a lesser extent on animals. This result agrees with the findings of the Dimitriou and Christidou' studies (2004, 2005) . Fewer students refer to impacts on air, plants and nature in general, without knowing how. This is, perhaps, due to a lack of systematic teaching. Furthermore, they do not mention the impact on water and soil, contrary to what emerged from Dimitriou and Christidou's studies (2004, 2005) ; perhaps because those studies were conducted in a rural environment. Generally, students conceive the impact of waste in a homocentric way.
How the Way Students Pose the Problem relates to their Solutions
Concerning the solutions, students mainly suggest either the placement of garbage in bins or the collection of garbage which is outside of the bins; actions that do not constitute a reduction in waste. However, it results from their direct experience, where these actions are considered to be solutions to the problem. The three R's (recycle, reuse and reduce), which help in reducing the volume of waste are proposed to a lesser extent, a result which is congruent with the results of other surveys (Dimitriou and Christidou, 2004, 2005; Malandrakis, 2008) . However, ignorance of the ways waste can be reduced may be connected to the students' inability to define their own contribution to solving the problem.
How Problem-posing Abilities are Different due to Age?
The results of the present study reveal the fact that there is a difference in the posing abilities of the two age groups in favour of the older students. Specifically, the third graders gave more responses in the posing phase compared to the kindergarteners. Moreover, they were more aware of the real causes, and the impacts of the waste, as well as ways of reducing it.
The present study had the limitation that it explored only the posing abilities that students could be competent of and not the impact of the implementation of a strategy for improving these abilities. Future research should cover this gap and explore the impact of a problem-posing strategy and how, once students have been taught various ways of defining and representing the problem, they may become more problem-solving competent.
IMPLICATIONS FOR EDUCATION
As educators, we need to know how we can facilitate our students to break out of their mental models in order to gain new perspectives on environmental problems. If our ultimate goal is to help them become competent to solve the problems of their environment, we must be ready to examine the ill-defined issues surrounding problem recognition, definition, and representation (Pretz et al., 2003) . As Priest (2009) believes, problem-posing intervention could enhance problem-solving competence. It is commonly recognised that the phase of problemposing in the problem-solving process is central to the finding of effective solutions. Educators who move too fast toward solutions, have somehow neglected this phase. Were more students able to pose a problem in a more complete way then more options of possible actions would be put forward. The use of visual representations and the sharing of ideas seem to have contributed to enhancing students' performance. When representation strategies are used, real discussions between students start and missing elements are added to complete the models held by students. In fact, when students visually represent the problem, they have the tendency to deliberate inwardly (about their way of framing the problem) and to monitor their understanding. Sharing their representations with their peers allows for constructive criticism of the participants' values and opinions of the problem (Jonassen 2000) .
"Students empowered to define problems are able to influence the solutions that are considered and ultimately adopted" (Ebbin, 2011: 152) . Gauthier and his colleagues suggest that environmental problems are extremely complex and require the development of critical thinking skills, higher order thinking skills, and more complex reflexive competencies (reflexivity and social processes of change).
